Individuals' subjective expectations are important in explaining heterogeneity in individual choices, but their elicitation poses some challenges, in particular when one is interested in the subjective probability distribution of an individual. We have developed an innovative visual representation for Internet surveys that has several advantages over previously used formats. In this paper we present our findings from testing this visual representation in the context of individuals' Social Security expectations. Respondents are asked to allocate a total of 20 balls across seven bins to express what they believe the chances to be that their future Social Security benefits would fall into any one of those bins. Our data come from the Internet Survey of respondents to the Health and Retirement Study which is representative of the U.S. population age 51 and older. To contrast the results from the visual format with a previously used format we divided the sample into two random groups and administered both, the visual format and the more standard percent chance format. Our findings suggest that the main advantage of the visual format is that it generates usable answers for virtually all respondents in the sample while in the percent chance format a significant fraction (about 20 percent) of responses is lost due to inconsistencies. Across various other dimensions the visual format performs similarly to the percent chance format, leading us to conclude that the bins-and-balls format is a viable alternative that leads to more complete data.
Introduction
Studies of individual decision making in a dynamic setting need to take into account individuals' expectations about future events. Traditionally, to close the model, researchers have met this need by making assumptions about individuals' expectations or the expectation formation process. This shortcut is largely due to the lack of adequate data. Over the last 15 years there have been some important advances in the collection of information on subjective expectations, most importantly the move from a deterministic survey question format to one that captures some of the uncertainty necessarily associated with an event that has not yet materialized.
1 Several general-purpose surveys now collect expectations data across several domains in the form of subjective probabilities rather than point expectations.
2 Questions usually take the "percent chance" format
"On a scale from 0 to 100 where 0 means you think there is no chance and 100 means that you are absolutely certain, what do you think are the chances that […]"
Subjective probabilities collected in this manner have been shown to vary systematically with covariates in the same way as the actual outcomes, to be predictive of actual outcomes and of actual and expected economic behavior (e.g., Dominitz 1998 , Hurd and McGarry 1995 , Gan et al. 2004 , Delavande and Willis 2008 . However, this question format tends to produce focal answers, in particular bunching of responses at 50 percent, but also at 0 and 100. Bruine de Bruin et al. (2002) find that the fraction of focal answers is reduced when supplying a visual representation such as a response scale that explicitly shows the numeric 1 For an overview of and the state of knowledge of expectations data, see Manski (2004) . 2 Examples of large household surveys that have collected data on individuals' subjective expectations are the Health and Retirement Study, the Panel Study of Income Dynamics, the National Longitudinal Survey of Youth, the Michigan Survey of Consumers, the Survey of Economic Expectations, and the Survey of Health, Ageing and Retirement in Europe. See for example Hurd and McGarry (1995) , Dominitz and Manski (1997 , 2004 and Fischhoff, et al. (2000) for analyses of these expectations data.
response options from 0 to 100. Internet-based interviews open the possibility to much richer visual representations, including tailoring to individual respondents' previous answers. We have designed a survey instrument that takes advantage of these features of the Internet and that goes beyond asking just about one point on individuals' subjective probability distribution. Using an innovative visual representation we elicit information about individuals' entire subjective distribution of beliefs in the context of individuals' expectations about their future Social Security benefits. We present respondents with seven bins each of which represents a range into which an individual's future Social Security benefits might fall. Respondents are asked to allocate a total of 20 balls across those seven bins to express what they believe the chances to be that their future Social Security benefits would fall into any one of those bins.
We are not the first to elicit information from the entire distribution of individuals'
expected Social Security benefits. Dominitz and Manski (2006) have done so in the Survey of Economic Expectations using the percent chance format. They ask about six different points on the cumulative distribution function. Even though the format is somewhat repetitive for respondents they achieved a response rate of 97 percent among those who provided a minimum and a maximum Social Security benefit amount. 3 Intuitively, the bins-and-balls format has several advantages: first, it avoids the repetitive series of questions inherent in the percent-chance format (due to asking about several different thresholds); second, it yields internally consistent data (no violations of monotonicity of the cumulative distribution function); third, the information comes in a form that resembles a probability density which may help the respondents and, 3 In Dominitz and Manski (2006) , only respondents who provided a smallest and a highest possible value of expected Social Security benefits were asked the six follow-up questions to elicit several points on individuals' subjective probability distribution. 97 percent of the sample answered these follow-up questions; however, a large fraction of the total sample did not provide the minimum or maximum value resulting in a significant reduction in usable answers.
finally, by increasing the number of bins, it can provide more detail about the probability distribution in just one question.
To test our bins-and-balls format against the percent chance format, we randomized our sample in two groups and administered a different format to each one of them. Our data come from the Internet Survey of respondents to the Health and Retirement Study (HRS) which is a longitudinal survey that is representative of the U.S. population age 51 and older. We link the observations on Social Security expectations from the Internet Survey to the rich background information collected on the same respondents in the main HRS survey. We can therefore investigate the informational content of the Social Security expectations; find how the uncertainty in expected Social Security varies by individual characteristics and whether the bins-and-balls format differs in this respect from the percent-chance format. For example, the dispersion of Social Security expectations should be larger for individuals who report a higher risk of losing their job or who are uncertain about the timing of their retirement. To the extent that this relationship and other similar ones appear to be stronger in one question format than the other would be an indicator of higher data validity.
In this paper we present a thorough assessment of the elicited Social Security expectations that we collected and contrast the visual format with patterns found for the percent chance format.
Our objective is to find whether and to what extent the visual format -rendered possible by the Internet mode -is a viable alternative for eliciting the distribution of beliefs and to what extent it might even be advantageous compared to the percent chance format. Our findings suggest that the main benefit of the visual format is that it generates usable answers for virtually all respondents in the sample while in the percent chance format a significant fraction (20 percent) of responses is lost due to inconsistencies. Along other dimensions the two formats yield patterns that are closely comparable. Item non-response is very low for both formats and statistics of central tendency of the distribution of Social Security benefits are very similar. However, the shape of the distributions is different. The visual format tends to attract more probability mass in the middle than the percent chance format. Based on additional experiments we find that this does not appear to be due to anchoring bias in the visual format. When relating measures of uncertainty about future Social Security benefits to covariates such as uncertainty in other domains, both formats show systematic variation of the anticipated sign.
Data

The HRS Internet Survey
The data for our study come from a module of the HRS Internet Survey which is a supplementary survey of the Health and Retirement Study (HRS). The HRS is a panel survey that is representative of the U.S. population age 51 and over. A sub-sample of about 6,000
respondents is eligible to participate in the HRS Internet Survey. We use data from the second wave which consists of HRS respondents who reported having Internet access in the HRS core survey in 2006. It was collected in two phases with the first part of the sample (38 percent) being interviewed in the early part of 2006 (Phase 1) and the second part of the sample (62 percent)
being interviewed in the summer of 2007. 4 The unit response rate was 70 percent in both phases.
Most of our analytical sample comes from phase 2, but we bring in some data from phase 1 (see below for further detail). With Internet use being the main selection criterion the resulting sample is more educated than the general population. 4 The reason for postponing the interview to a later second phase for one group of the sample was that this group had been previously assigned (at random) to participate in another supplemental study and would have had three HRSrelated interviews within months of each other had their internet interview not been postponed.
Experimental design
The survey questions that we focus on in this study are embedded in a sequence eliciting several aspects related to future Social Security receipt: whether the person expects to receive any Social Security benefits in the future, at what age and how much. To elicit the subjective distributions of beliefs about future Social Security benefits, respondents are randomized into one of two different formats: (i) a new visual format that we designed and (ii) the standard percent chance format. 5
Question wording and experimental design of lead-up questions
Respondents who reported not currently receiving Social Security benefits are asked the percent chance that they will receive Social Security benefits some time in the future. Those who provide a positive probability are asked about their subjective expectations regarding their claiming age and future Social Security benefits (conditional on receiving any). Before providing information on the subjective distributions of beliefs about their Social Security benefits, respondents are first asked to give a point estimate of their expected Social Security benefit amount:
How much do you expect your monthly Social Security benefits to be in today's dollars?
We use this point estimate to tailor the thresholds for questions about individuals' subjective distributions about future benefits which follow next.
Subjective distributions of Social Security benefit amounts: Visual format
The visual format elicits information on individuals' expectations about their future Social Security benefits in a way that mimics the density function of their subjective beliefs. The introduction includes a couple of examples to familiarize respondents with the exercise:
Often people are uncertain about their future Social Security benefits.
In Note the examples of interpretation that are included to provide guidance also to those who may not be all that comfortable in thinking in terms of percentages. Figure 1 shows the screen that respondents see when allocating the 20 balls into 7 bins.
Subjective distributions of Social Security benefit amounts: Percent chance format
The percent chance format follows Dominitz and Manski (2006) Where X1 < X2 < X3 < X4.
Within the percent chance format there is another randomization: half the sample is first asked about the chances that benefits could be higher and then about the chances that benefits might be lower. For the other half the ordering is reversed. The rationale for this randomization is that the "higher-" or "lower-" wording might lead to anchoring bias in the answers which would average out in summary statistics at the population level.
Design of thresholds
For both the visual and percent chance format, the thresholds depend on respondents'
reported expected Social Security amount. 6 The motivation for using tailored thresholds is presented in Dominitz and Manski (1997) . First, it allows us to ask about thresholds that span a support that is relevant for the respondent, rather than asking about a range that might be too wide or too narrow and thus less informative. Second, it decreases potential anchoring effects where respondents' answers might be influenced by the amounts associated with the thresholds.
We designed the thresholds to be centered around the respondents' point estimate of their expected future Social Security benefits. They are computed in the same way for the visual and the percent chance format, though the former has two additional thresholds in the extreme right and left (see Figure 2) . 7 When the point estimate is missing, we provided standard thresholds. 8
Analytical sample
We focus in this study on respondents' expectations about their future Social Security benefits. Questions about these expectations are only relevant for those respondents who do not receive Social Security benefits at the time of the interview. This is the case for 67 percent of the sample. The earliest age at which an eligible person can claim Social Security benefits is at age 62 and the latest age is 70. As a result the oldest person in our analytical sample is 72. Among those not currently receiving Social Security benefits, 5.0 percent say "zero percent" for the chance to receive Social Security in the future. The remainder of the sample is asked about their Social Security expectations.
Our analytical sample has 1,418 observations. 9 Of these 55 percent were randomized into the bins-and-balls format and 45 into the percent chance format.
While the original sampling frame is the population representative pool of HRS respondents, eligibility for the Internet survey is based on respondents using the Internet on a regular basis. As a result the sample has higher education than the general population. Dominitz and Manski (2006) also use preliminary questions to determine individual-specific thresholds. However, rather than using the point estimate they ask respondents about the lowest and highest future Social Security benefits amount. We decided to use the point estimate because non-response to these lowest and highest amounts was high in their survey (30 percent). 8 The standard thresholds are $0, $300, $600, $900, $1,200, $1,500 and $1,800 for the bins-and-balls format, and $600, $900, $1,200, $1,500 for the percent chance format. 9 This includes 397 respondents from the Phase 1 of data collection. The survey design was the same in Phase 1 and Phase 2 of the second wave of the HRS Internet Survey for the group who answered the visual format. This results in a larger sample size for this group.
between the unweighted whole HRS sample and our analytical sample. However, as expected, our analytical sample has higher education, with 41.5 percent having completed college or above. 10 We do not use weights in our analysis as we are presenting results for randomized groups to make advances in survey methodology rather than population estimates.
Basic data quality: Visual versus Percent chance format
Response Rates
Item non-response rates are very low throughout: about three percent for the point expectations and less than two percent for the subjective distribution of beliefs for both formats.
Differences across the two question designs are very small as a result. These minimal differences do not lead to any one of the question designs to stand out over the other. Note that in the percent chance format 98.4 percent answered all four questions about the different thresholds. 
Survey Time
Using observations on the timing of keystrokes we find only a small difference in how long it took respondents to answer the questions in the different formats (84.7 seconds to go through the two introductory screens of the visual format and to allocate the balls and 90.2 seconds to complete the sequence of the four percent chance questions 12 ). Note that allocating the balls accounted for only 21 seconds on average . This suggests that if a researcher is interested in eliciting more than one distribution within the same survey, there might be gains in terms of 10 The high fraction of female respondents in our analytical sample may seem striking at first. However, this is driven by the high fraction of female respondents in the HRS core sample and not by the eligibility criteria for the HRS Internet study. In fact males and females are equally likely to use the internet on a regular basis and the willingness to participate in an internet study is virtually the same for both sexes as well. 11 As a comparison, about 96.8 percent of respondents to the Survey of Economic Expectations answered the six thresholds about future Social Security benefits (Dominitz and Manski, 2006) . 12 The medians are 61 and 65 seconds respectively. survey time from using the bins-and-balls format, as the introduction screens can easily be skipped or shortened when eliciting additional distributions.
Usable Answers
A common problem with administering a series of percent chance questions to elicit multiple points on respondents' subjective probability distribution about an event is that respondents may not respect the monotonicity across thresholds (i.e. the subjective probability of, say, Social
Security benefits being more than $500 is larger than the probability of Social Security benefits exceeding any other higher threshold). Respondents whose answers violate this monotonicity property may not master the concept of probabilities and their answers are difficult to interpret and use in empirical analysis. This is what we call "unusable answers" in the context of the percent chance format. This problem does not arise in the bins-and-balls format. However, in the bins-and-balls setting respondents may fail to allocate all 20 balls. This is what we call "unusable answers" in this format.
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More than 97 percent of the answers are usable for the bins-and-balls format. This is in stark contrast to the percent chance format where observations are lost first because some respondents do not answer all the four questions about the four different thresholds (1.6 percent), and second because a considerable fraction of respondents' answers violate the monotonicity property (about 20 percent of those who answered all four questions). 14 This not only reduces the sample size of the percent chance format, but it also introduces selection effects. For example, 68 percent of the respondents who violated the monotonicity property attended college, compared to 76 percent among those who provided consistent answers. In addition, those who violated the monotonicity property seem to have more difficulty overall with other probabilistic questions. Using all the expectations questions from HRS 2006, we constructed an index which captures ones' ability to "think probabilistically" in the spirit of Lillard and Willis (2002) . The index computes for a particular respondent the proportion of "Don't know", "Refuse" and "50 percent" out of all the expectations questions that are phased using the percent chance format (section P of the HRS core survey instrument). The average index is 20.0 percent among respondents who violated the monotonicity, compared to 17.9 among those who did not. 
Precision of Information
One of the advantages of the bins-and-balls design is that we can present a relatively large set of bins (or intervals) without increasing much the burden to respondents. In contrast, having answers for seven intervals requires asking respondents six percent chance questions. At the same time, however, the bins-and-balls format limits respondents' precision in the allocation of the probability mass in a given bin. In the current design, respondents have to allocate 20 balls, which implies that the smallest positive probability that they can allocate to a bin is 5 percent. The percent chance format allows respondents to report positive probabilities with precision down to the single integer.
We evaluate to what extent respondents use the precision provided by each format. Table 2 presents the total number of bins used by respondents. While respondents randomized into the bins-and-balls format could use up to seven bins, only one percent chose to use more than five 15 The differences in the fraction who attended college and in the index of probabilistic thinking are statistically significant at the 10-percent level when comparing the two samples.
bins. We also check the proportion of respondents who provide a percent chance which is not a multiple of five. This is the case for less than 3.5 percent of the answers per bin. 16 Overall, very few respondents take advantage of the full precision provided by the format they are given and the limited precision in the bins-and-balls format imposed by the number of balls is not expected to lead to any material difference between the bins-and-balls format and the percent format.
Shape of the Elicited Distributions
In this section, we compare the shape of the distributions elicited using the two formats to evaluate whether there are systematic differences. To make the data from the two formats directly comparable, we look at the probability mass (on a scale from 0 to 100) distributed across five bins, that is, we aggregate the number of balls in the first and second bin, and in the sixth and seventh bin for the bins-and-balls format. We restrict the analysis to respondents who provided usable answers, according to the definition above.
Most Common Answers
For both formats, the most common answer is to allocate all the probability mass in the middle. However, this answer is more common in the visual format than in the percent chance format (21 percent vs. 10 percent). 17 The second most common answer (six percent of respondents to bins-and-balls) in the visual format is to allocate 50 percent of the probability mass in the middle bin, and 50 percent in the second bin. The third most common answer (five percent of respondents) is to allocate 75 percent of the probability mass to the middle bin, and 25 percent to the fourth bin. For the percent chance format the second and third most common answers are different: two percent of the respondents allocated 50 percent of the probability mass in the middle bin and 50 percent in the fourth bin; while two percent allocated 50 percent of the probability mass in the middle bin and 50 percent in the fifth bin.
One potential drawback of the percent chance format that may be mitigated in a visual format is the tendency of respondents to use focal answers. People who answer "50 percent" may either truly believe that the chance is about half or they may be uncertain (e.g., Bruine de Bruin et al., 2000; Hill et al., 2006) . We investigate the pattern of focal answers for the four percent chance questions in Table 3 . 18 As expected, zero-percent answers are substantially more frequent for the extreme thresholds (49 and 40 percent) as many respondents are fairly certain that their expected
Social Security benefits will not be that far off their previously reported point estimate. Subjective probabilities about the two middle thresholds attract a large proportion of zeros and 50s (about 45 percent of the answers), and there appears to be excessive bunching at 50 percent. The tendency to answer 50 percent for the two middle thresholds may generate less probability mass in the middle bin for the percent chance format. Table 4 presents the mean and percentiles of the distribution of probability mass by bins for each format. The visual and percent chance format generate similar central tendency.
Central Tendencies and Spread
Respondents tend to allocate most probability mass in the middle bin. Yet, the percent chance format generates more spread out distributions: respondents who were administered the percent chance format allocate on average more mass in the two extreme bins and less in the middle bin.
On average the middle bin attracts 59.9 percent of the probability mass for the visual format compared to 43.0 in the percent chance format. The first bin attracts on average 2.7 and 9.6 percent of the probability mass respectively. The difference across formats is also reflected in the total number of bins used (see Table 2 ): respondents in the bins-and-balls format tend to use a smaller number of bins than those in the percent chance format. For example, 73 percent of the bins-and-balls format respondents used two bins or less, compared to 32 percent of the percent chance format respondents.
The difference in probability mass in the middle bin across formats is driven in part by two facts: respondents to the visual format are more likely to allocate all the probability mass in the middle bin (20% of the respondents vs. 10%) and less likely to allocate no probability mass in the middle bin (9% of the respondents vs. 17%). Given that the middle bin contains respondents' own previously reported point estimate, this latter group seems surprisingly high in the percent chance format.
We investigate in more detail whether the two formats generate similar means of the subjective distributions. To construct the individual-specific mean of the elicited subjective distribution, we assume that the probability mass reported by a respondent is uniformly distributed within a bin (see the Appendix 1 for details). Table 5 presents the distribution of these computed means for both formats and for the point expectations and shows that the percentiles of these three distributions are very similar. 19 Despite generating different dispersion and shapes of distributions, the two formats yield distributions with very similar means that are in line with the point expectations.
Note that respondents are more likely to allocate more balls in the middle bin when the width of the bin is large in terms of the range of dollar amount covered: the average probability mass in the middle bin is 54.5 percent among respondents with a width less than $300, compared to 65.5 percent among respondents with a width above $300. We do not observe such a striking pattern in 19 
Symmetry of the Distributions
Restricting our sample to respondents who did not allocate all the probability mass in one bin Table 6 shows that respondents who were administered the percent chance format are more likely to put the same probability on either side of the central bin, that is, they provide a symmetric distribution (20.5 percent vs. 5.5 percent in the bins-and-balls format).
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The higher proportion of asymmetric distributions in the bins-and-balls format may indicate that visualizing the density helps respondents to report the shape they have in mind.
Anchoring Bias
We have found that the visual format attracts more probability mass in the middle than the percent chance format. We investigate whether this may be due to anchoring toward the middle, possibly because respondents are attracted visually towards the center of the scale and/or possibly because they see all the thresholds at once and again tend towards amounts that are closer to the midpoint of the amounts shown on the screen. First, we look at another question using a similar bins-and-balls format within the same survey; second, we report the results from an experiment that we conducted in another Internet survey specifically to test the anchoring hypothesis for the bins-and-balls format. 20 The difference for the visual format is statistically significant at the 1-percent level using a t-test, while that of the percent chance is not statistically significant at the 10-percent level. If we regress the probability mass of the middle bin on the width of the interval using a linear regression, the coefficient associated with the width is statistically significant at the 10-percent level for the visual format only. 21 Note that out of the 20 percent of respondents who provided equal probability on either side, about half gave the same answers to thresholds 1 and 3 and the same answers to thresholds 2 and 4. (e.g. the sequence of answers would be for example 20, 10, 20, 10).
Within the same survey wave of the HRS Internet, respondents are asked to allocate 20 balls into 8 bins to reflect the probability that they would claim Social Security at a certain age. Each bin represents an age or age category (61 or less, 62, 63, 64, 65, 66, 67, 68 or more) . The number of bins being even for this question, there is not one single central bin. Instead the two bins for ages 64 and 65 are in the middle. Table 7 presents the distributions of balls by bin and shows that the bins with the largest probability mass are 62 and 65 which are the two most common ages for claiming Social Security. The median number of balls for the bin 64, which is also central, is zero. Therefore, the bins-and-balls format does not systematically generate more probability mass in the middle.
Second, we compare the elicited subjective distributions obtained from two different binsand-balls formats designed specifically to investigate respondents' tendency to be attracted by the middle bin. These data were collected as part of the American Life Panel (ALP) Internet survey.
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The main respondents of the ALP are recruited among individuals age 18 and older who are respondents to the Monthly Survey of the University of Michigan's Survey Research Center. 23 In addition to the main respondents, the ALP collects information from a snowball sample.
Respondents from the snowball sample are spouses, relatives or co-workers of the main respondents who are referred by them to participate in the survey.
In the 8 th wave of the ALP, fielded in 2007, we administered to the whole sample a module on Social Security using the same design as in the HRS Internet survey. In May 2008 (wave 24 of the ALP), we administered a module to respondents from the snowball sample aged 30 to 65 identical to that of the 8 th wave, the only difference being the definition of the thresholds in the 22 The ALP is sponsored by the National Institute of Aging (grant number NIA U01AG009740) and is conducted by the RAND Corporation. 23 To answer the survey, respondents either use their own computer to log on to the Internet or a provided Web TV. See http://rand.org/labor/roybalfd/american_life.html for details.
bins and balls question. In the 24 th wave, the third bin, rather than the middle bin, is centered around the point estimate. Figure 3 compares the two threshold definitions: the second bin in the 24 th wave is equivalent to the third bin in the 8 th wave, the third bin in the 24 th wave is equivalent to the middle bin in 8 th wave and so on.
Respondents from the snowball sample are younger than the main ALP respondents. 24 Table 9 presents the distribution of balls into bins for the two snowball samples. The main finding is that, for the 24 th wave, the third bin which contains the point estimate attracts a large proportion of the probability mass despite the fact that it is not located in the middle. The median number of balls is 10 and the average is 9.4. This is extremely close to the number of balls in the middle bin (which contains the point estimate) in the 8 th wave sample: 9 at the median and 9.5 at mean. The distributions of balls into the bins immediately to the right and to the left of the bin 24 For example in the 8 th wave, the average age of the snowball respondents was 38.8 compared to 52.0 for the main respondents. 25 We created weights for respondents of the 24 th wave such that the proportion of respondents 30-34, 35-39, 40-44, 45-49, 50-54, 55-59 and 60-64 matches that of the 8 th wave. 26 We cannot reject equality of the mean using a t-test (P-value=0.46) for the two snowball samples. While we could reject at 5% equality of the mean between the overall 8 th wave sample and the 24 th wave sample, we cannot reject it at 5% once we weight the 24 th wave sample.
containing the point estimate are also strikingly similar in the two formats. For example, the middle bin in the 24 th wave sample contains on average 3.98 balls, which is very close to the average of 3.44 balls in the 5 th bin for the 8 th wave sample. If we combine the two formats into 6 comparable bins, we cannot reject equality of the average number of balls for each of the bins at the 5 percent level. Table 10 presents the same distributions of balls for the weighted snowball sample and wave 8 respondents. The same conclusions hold: among the 24 th weighted wave sample, the middle bin does not attract a disproportionate amount of balls, and most of the probability mass is attracted to the bin containing the point estimate (10.2 balls on average in wave 24 vs. 10.8 in wave 8).
Again, if we combine the two formats into 6 comparable bins, we cannot reject at 5% equality of the average number of balls for each of the bins.
Overall, this suggests that there is no anchoring bias toward the middle created by the binsand-balls format. Respondents tend to provide strikingly similar subjective distributions relative to the point estimate when the point estimate is located in the middle bin or in the third bin.
We also investigate anchoring in the percent chance format. Half of those who receive the percent format are asked first about the chances that benefits could be higher and then about the chances that benefits might be lower than the thresholds. For the other half the ordering is reversed (see section 1.2.3). While this does not generate a different pattern of answers for the probability mass lower than a threshold, we find that the average probabilities about the chance that benefits might be higher than certain values differ statistically using a t-test depending on the order. The average answer for the percent chance that benefits might be higher than X3 is 37 among respondents who are asked this question first, compared to 33 among respondents who are asked this question third (P-value=0.075) and the respective medians are 50 and 30. These averages are 18 and 15 respectively for the percent chance that benefits might be higher than X4, the next higher threshold (P-value=0.049), and medians are 10 and 5 respectively. This suggests that earlier questions about the same distribution to the right of the point estimate influence respondents' answers. 27
Unfolding bins
The objective behind the bins-and-balls format was to generate data that even in its raw form approximates respondents' subjective probability distributions. However, a large proportion of The number of new bins introduced varies between 2 and 5 bins depending on the width of the initial bin(s) where all the probability mass was placed. See Appendix 2 for details.
Out of the 386 respondents from phase 2 who were randomized into the visual format, 186
were eligible for the unfolding bins. 28 Table 11 presents the distribution of the number of unfolding bins that were administered. Out of those 186 respondents, 174 (that is 93.6 percent) reallocated the 20 balls into the narrower bins. Table 12 presents the distribution of unfolding bins used by respondents. About 80 percent of those who were presented with two unfolding bins allocated all the balls into one bin. About two thirds of those who were presented with three, four or five unfolding bins used two bins. None of the respondents who were presented with four or five unfolding bins chose to use more than three bins to express their beliefs. Table 13 presents the mean and median of the distribution of balls for each of the bins for the usable answers.
Respondents tend to provide again distributions concentrated around their point estimates, with on average more probability mass to the right of the point estimates.
This suggests that respondents are willing to provide more precise answers about their distributions of beliefs if asked. The bins-and-balls format is a very efficient way of doing so because only one additional screen is needed irrespective of the level of additional detail to be elicited. As such this application is particularly well suited to Internet surveys. While a similar follow-up could be done with the percent chance format, this would increase survey time (see discussion in section 2.2) and potentially respondents' burden more importantly.
Correlation of distribution of answers with uncertainty in other domains
The plausibility of response patterns and how they vary with other covariates may indicate which format yields higher quality data. We investigate in this section how uncertainty in Social Security benefits correlates with uncertainty about related outcomes. For this analysis we restrict 28 The unfolding bins were introduced in phase 2. Note that three respondents out of the 386 did not allocate all the 20 balls in the first screen, but one of them placed all the balls in the unfolding bins screen.
our analysis to usable answers and exclude 10 respondents who provided an expected monthly Social Security benefit above $10,000 and who are thus asked about very wide bins. 
Univariate analysis
We focus on two measures of uncertainty in Social Security benefits: the number of bins used by the respondents, and the probability mass allocated in the middle bin. Table 14 presents the average of these two measures according to various characteristics, such as the distance to their expected claiming age or the subjective probability that they would loose their job.
Uncertainty in the timing of future benefit receipt (expected claiming age) is likely to translate into uncertainty about the amount of future Social Security benefits. Also the longer the time to claiming the higher one would think the uncertainty that the individual faces regarding the Social Security benefit amount. For both formats respondents who used more bins to express the distribution of future claiming ages or those who are further away from to their expected claiming age used more bins for the distributions of future Social Security benefits and allocated less probability mass in the central bin. Respondents were asked the probability that they would receive Social Security benefits in the future. Almost half of the respondents reported a probability of 95 percent or more. Table 14 shows that those who report a probability less than 95 percent report a more spread out distribution of future Social Security benefits. A similar effect is found among respondents who provide a probability above 50 percent that a reform would reduce their own benefits. Respondents currently working are asked in the HRS the probability that they would lose their job in the next year. For the visual format, we find that the average number of bins increases monotonically with this probability, and the difference is statistically significant at 29 Results are very similar when we include those respondents. In total, 12 respondents reported a point estimate above $10,000. However, one violated the monotonicity property and one did not allocate all the 20 balls.
the 1-percent level. The relationship is not monotonic for the percent chance format, with people reporting a probability of loosing one's job between 0 and 10 using more bins on average. Being in poor health may be associated with increased certainty about one's ability to work in the future.
In the visual format, we find a monotonic relationship between self-reported health and the number of bins used, with people in excellent health using more bins than people in good or poor health. The relationship is not statistically significant at conventional level and non-monotonic in the percent chance format. Finally, we find that, for the visual format only, respondents who expect to claim Social Security based solely on their own record report a less spread-out distribution of future Social Security benefits than those who expect to claim on their spouse's record or on both their and their spouse's record.
Overall, we find that, for both formats, respondents are more likely to have a more disperse distribution when they face uncertainty in related domains. For some domains, such as health and the probability of loosing one's job, we find the a priori expected monotonic effect only for the visual format.
Multivariate analysis
We next conduct regression analyses using these measures of uncertainty as dependent variables. We also use a constructed standard deviation of the subjective distribution (see Appendix 1 for details) as an additional dependent variable. 30 We employ an ordered probit model when the number of bins used by the respondents is the dependent variable and look at the best linear predictors when the probability mass in the middle and the standard deviation are the dependent variables. 30 The median standard deviation is 151.5 for the visual format and 284.9 for the percent chance. Table 15 shows that some of the effects shown in cross-section also hold in a multivariate framework, and hold for the standard deviation as well. 31 For both formats, a larger distance to expected claiming age is still associated with a larger number of bins used by the respondents and a larger standard deviation, and the coefficients are statistically significant at the one-percent level. It is also associated with less probability mass in the central bin, though the effect is statistically significant for the percent chance format only. Similarly, a larger number of bins used for the expected claiming age is associated with more bins for the Social Security benefits. For both formats, the coefficients associated with the subjective probability of reform and of receiving Social Security are statistically significant in most specifications and have the expected sign. The regressions introduce additional independent variables than what was presented in Section 3.1.
Working for pay is associated with fewer bins for the percent chance format. Wealth has a statistically significant coefficient for the percent chance format only. 32 Overall, the plausibility of response patterns and how they vary with other covariates suggest that both formats yield high quality data.
The regressions presented in Table 15 are however not without caveat for comparison between the two formats. First, the number of observations is larger in the bins-and-balls format, which is partially due to the initial design and partially due to the loss of 20 percent of the observations in the percent chance format. Caution needs to be taken when comparing the significance levels of coefficients across formats. Second, the sample of usable answers in the 31 We exclude respondents who did not answer HRS 2006, that is 9 respondents in the bins-and-balls format. 32 Note that the R-square of the linear regression using the probability mass in the middle bin with the percent chance format is substantially higher than that of the visual format, potentially suggesting that the independent variables explain more of the variation in probability mass in the percent chance format. However, this is mostly driven by the fact that the independent variables include many other expectations questions asked in a percent chance format, and that those tend to be strongly associated with the dependent variable when asked in percent chance. If we remove those, the R-squares of the two formats are basically identical (0.07 for the visual vs. 0.09 in the percent chance format).
percent chance format suffers from selection (see section 2.3), and some of the relationships presented in the regression might be biased as a result.
Conclusions
This paper presents the results of an exploratory data collection we have undertaken to elicit subjective expectations using a new visual format made possible in Internet surveys. Our point of departure was that a visual format might elicit more detailed information about individuals' distribution of beliefs without increasing respondent burden, and allow respondents to visualize the density s/he provides, and thus improve data quality. In Internet surveys this visual format could provide an alternative to the more standard percent chance format. The percent chance format has been shown in previous work to yield coherent subjective distributions, but it may sound repetitive to respondents who are asked the same question about a series of different thresholds. Moreover, it requires them to remember their answers in order to respect basic properties of probabilities and to be more proficient with probabilities than would be required with the visual format.
When comparing the two formats, we show that they yield similar response rates, survey time and precision of information. In addition, the dispersion of the elicited distribution correlates with other sources of uncertainty in the expected direction for both designs suggesting that both yield high quality data from a substantive point of view.
However, the two formats differ importantly in two dimensions. First, the visual format attracts more probability in the central bin than the percent chance format. Additional experiments lead us to conclude that this is not due to anchoring towards the middle in the bins-and-balls format. We suspect that the explanation lies rather in the tendency to answer 50 percent in the percent chance questions combined with the fact that in our percent chance design respondents
were not asked directly about the middle bin. In addition, we have shown how "unfolding" bins can be used to improve the precision of answers of respondents who provide very concentrated distributions in the initial bins-and-balls screen.
Second and most importantly, 20 percent of the observations are lost in the percent chance format because respondents fail to respect a basic property of probability. Moreover, those 20 percent tend to be less educated and less comfortable with probabilities than the rest of the sample introducing selection in the remaining usable answers. While this proportion may be reduced if respondents were informed about this violation, little is known about whether adding warnings or teaching respondents about probabilities improves the resulting data quality. Overall, our results favor the use of the bins-and-balls format for eliciting individuals' subjective distribution of beliefs in Internet surveys.
Appendix 1: Construction of the mean and variance for the distribution of future Social
Security benefits
We use respondents' answers about the subjective distribution of future Social Security benefits to compute individual-specific mean and variance for this distribution based on two assumptions. First, we assume that the probability mass reported by a respondent is uniformly distributed within an interval (or bin). Second, we make assumptions on the support of the distribution. For the bins-and-balls format, we assume that the extreme right bin is bounded and has the size of the other bins. For the percent chance format, we also assume that the upper interval is bounded to the right such that the size of the extreme right interval is comparable to that of the bins-and-balls format.
Based on these assumptions, we compute the expectation of the distribution as follows:
Where is i's bin's left threshold, and M=5 for the percent chance format, and M=7 for the bins and balls format. 
Based on these assumptions, we compute the variance of the distribution as follows: If the respondent allocated 20 balls into one bin of width smaller than $300, or into two bins of total width smaller than $450, the unfolding bins are not asked. 
